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(57) ABSTRACT 

A device for delivering a liquid agent in doses, the device 
including a receptacle for Storing the liquid agent and a 
propulsion mechanism for advancing a piston toward an 
outlet of the receptacle in order to expel a dose of the agent, 
wherein the propulsion mechanism permanently acts on the 
piston with a propulsive force, and wherein the device 
further includes a mechanism for releasably blocking a 
piston advance. The invention encompasses embodiments in 
the form of an infusion pump adapted to include the device 
for delivering and a controller for controlling at least the 
mechanism for releasably blocking. 
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DEVICE FOR THE DOSED DISCHARGING OFA 
LIQUID AGENT AND INFUSION PUMP 

CROSS REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a Continuation of International 
Patent Application No. PCT/EP2003/009546, filed on Aug. 
28, 2003, which claims priority to German Application No. 
10240 165.9, filed on Aug. 30, 2002, the contents of which 
are incorporated by reference in their entirety herein. 

BACKGROUND 

0002 The present invention relates to a devices and 
methods for delivering or administering a Substance. More 
particularly, it relates to injection and infusion devices, and 
to methods of making and using them. Even more particu 
larly, it relates to devices, Such as infusion pumps, adapted 
to provide for the long-term, generally uniform, periodic 
release of a Small amount or dose of a medicinal agent. 
0003. In the medicating of patients, it is often advanta 
geous to provide the patients with Small doses of a medical 
agent over a comparatively long period of time instead of 
injecting the patients with comparatively large doses of a 
medicine at relatively few time points. For example, in the 
treatment of diabetes, it is advantageous to Supply the 
required agent, namely insulin, in microdoses in a quasi 
continuous manner over a longer period of time. This opens 
up the possibility of optimally adjusting the blood Sugar of 
the patient. Recent years have seen the increasing develop 
ment of diagnostic Systems that make possible a quasi 
continuous monitoring of medically relevant parameters, for 
example blood Sugar. In cooperation with a quasi-continu 
ous microdosing, an optimal medicating can thus be 
achieved. 

0004 Available for this purpose are infusion pumps that 
include a reservoir for the liquid agent to be administered 
and an administration mechanism, for example a microdos 
ing pump. Infusion pumps are known to those skilled in the 
art, and representative examples include the pumps dis 
closed in U.S. Pat. Nos. 4,969,874 and 6,053,893, the 
disclosures and teachings of which are incorporated herein 
by reference. 
0005 Typically, in order that infusion pumps may be 
carried on or by patients, the pumps have their own energy 
Supply. Usually the reservoir is designed as an ampoule 
having a piston or plug that is propelled in the direction of 
an ampoule opening in order to expel the agent. The Service 
life of the energy Supply here depends mainly on the 
frictional forces prevalent in the reservoir. However, the goal 
is that the energy Supply be as long-lived as possible, So that 
at any time the patient can depend on the fact that the agent 
So important to him will actually be administered. AS is well 
known, the recharging of Storage batteries is complicated, 
time consuming, and can be forgotten. If disposable batteries 
are used as the energy Supply, the replacement of the 
batteries usually requires an opening of the infusion pump. 
However, for hygienic reasons the pump should be hermeti 
cally Sealed to the degree possible, So that a battery replace 
ment is disadvantageous. 

SUMMARY 

0006 An object of the present invention is to provide a 
device for the dosed discharging of a liquid agent, which 
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device is operable in an energy-saving manner and is simple 
and reliable to operate. In addition, in Some embodiments, 
an infusion pump with Such a device is provided. 

0007. In one embodiment, the present invention com 
prises a controller for controlling the delivery of a liquid 
agent in doses, comprising a propulsion mechanism for 
moving a piston to deliver a dose of the agent, wherein the 
propulsion mechanism is adapted to exert a motive force on 
the piston Substantially constantly unless interrupted, and a 
mechanism for Selectively interrupting the motive force. In 
Some embodiments, the controller is operably incorporated 
into an infusion pump and, in Some embodiments, the 
controller further comprises an electronic component oper 
ably coupled to the mechanism for Selectively interrupting 
the motive force. 

0008. In one embodiment, the present invention com 
prises an infusion pump for the long-term release of an 
agent, comprising a receptacle for Storing the liquid agent, a 
propulsion mechanism for advancing a piston toward an 
outlet of the receptacle in order to expel the agent, wherein 
the propulsion mechanism continuously acts on the piston 
with a propulsive force, a blocking mechanism for blocking 
and allowing the advance of the piston, and a control 
apparatus that repeatedly releases the blocking mechanism 
in order to expel the agent in repeated, Selected doses. In 
Some embodiments, the control apparatus is electronic and/ 
or digital, and may comprise Suitable electronic components, 
include Suitable chips or microprocessors. 

0009. A device according to the present invention 
includes a receptacle for the Storage of a liquid agent and a 
propulsion mechanism for propelling a piston toward an 
outlet of the receptacle in order to expel the agent, wherein 
the propulsion mechanism acts permanently on the piston 
with a propulsion force and a blocking mechanism is pro 
Vided, by means of which a piston advance is permanently 
blocked and, in order to expel the agent, released in a 
controlled manner. Advantageously, in order to expel the 
agent, energy is consumed only to activate the blocking 
mechanism and not to propel the piston of the receptacle, 
Since, according to the invention, the propulsion mechanism 
can be prestressed prior to the placing into operation of the 
device in Such a way that doses of the agent can be 
repeatedly expelled without renewed pre-stressing of the 
propulsion mechanism. The energy for the pre-stressing of 
the propulsion mechanism can thus be provided prior to the 
placing into operation of the device through, for example, an 
external energy Source, an external mechanism, or manual 
means. Thus, comparatively little energy is required for the 
operation of the device itself. (AS used herein, the term 
“blocked” is intended to be synonymous with locked, fixed, 
Secured, and the like, i.e., a fixing or Securing in a particular 
State, Situation or method of operation, including, as appro 
priate, a permanent or continuous fixing or Securing, or a 
temporary, releaseable, Selective or controllable fixing or 
Securing.) 

0010. At the same time, the present invention makes 
allowances for Safety considerations, Since the blocking 
mechanism is designed Such that the piston advance is 
permanently blocked, So that an overdosing is effectively 
excluded, for example in the case of a failure of the device 
electronics, etc. According to the invention, the blocking 
mechanism is released only at the point in time of the 
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expelling of the agent. Preferably, the blocking mechanism 
is designed in Such a way that upon the unblocking of the 
piston propulsion the piston is driven forward only by a 
predetermined Stroke length and that the blocking mecha 
nism automatically re-blocks after the driving of the piston 
by the predetermined Stroke length. The predetermined 
Stroke length appropriately corresponds to a minimally 
pre-Settable dose. Thus, in this preferred embodiment a 
long-term release of the agent can be controlled in a simple 
manner. This is by virtue of the fact that, instead of requiring 
a presetting each time of a target value for the adjustment of 
the piston to achieve a desired dosing, in one embodiment, 
an electronic control performs a count of how often the 
blocking mechanism has released the propulsion of the 
piston. With knowledge of the agent dose that is expelled 
with a Single release of the blocking mechanism, in a simple 
manner the total dose expelled can be calculated through 
multiplication of the Single dose by the number of releases 
of the blocking mechanism. Thus, according to one exem 
plary preferred embodiment, a simple temporal control can 
be used to control the long-tem dosing. 
0.011) Also advantageous is the fact that the dosing 
mechanism is virtually always at rest, Since it must be 
activated only at the comparatively few points in time of an 
expelling of the agent. This helps to Save energy. 
0012. According to a preferred embodiment, the propul 
Sion mechanism pre-stresses the piston relative to a refer 
ence point that is kept fixed in relation to the blocking 
mechanism. This reference point can therefore be, for 
example, a housing or a wall of the agent receptacle. 
0013 In some embodiments, the present invention may 
comprise any propulsion mechanism Suitable for repeated 
displacement of a piston, including any Such mechanisms 
involving pre-stressing. For example, the propulsion mecha 
nism can include a compression Spring, one end of which 
acts on the piston and the other end of which is held fixed, 
for example relative to the housing of the infusion pump. 
According to the invention, the compression Spring is pre 
Stressed prior to the placing into operation of the device. 
Upon the release of the blocking mechanism, the compres 
Sion Spring can dissipate the pre-StreSS in a step by Step 
manner, until a relaxed end position is reached. According to 
another exemplary embodiment, the propulsion mechanism 
can be a torsion Spring, as the latter is known from other 
mechanical devices, for example mechanical clockS. For 
example, the torsion Spring can be a wound Spiral Spring or 
coil Spring of round or rectangular croSS Section, which 
Spring is accepted in a housing, one end of the torsion Spring 
producing a rotary movement in the propulsion mechanism, 
which movement is converted in a known manner into a 
propulsive force for the piston, for example with the aid of 
gears or through thread engagement of a rotatable, driven 
threaded bar. 

0.014. According to another embodiment, the propulsion 
mechanism can include a pressurized chamber in which a 
gas is Stored under pressure and which displays a flexible 
chamber wall, So that the gas can expand in order to propel 
the piston when the blocking mechanism is released. Thus, 
in this embodiment, prior to the placing into operation of the 
device the pressurized chamber is pumped up or, as the case 
may be, a Suitable pressurized-gas reservoir is installed in 
the device, for example a pressurized-gas bottle Such as are 
economically available on the market. 
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0015 According to the present invention, magnetic 
forces can also in principle be used for propelling the piston. 
To this end, Sufficiently strong permanent magnets can be 
provided on the housing of the device and on the piston of 
the receptacle, Such magnets being available economically 
on the market. 

0016. In some preferred embodiments, the blocking 
mechanism includes a blocking means and a catch that work 
together, which catch is movable and in a first position 
blocks the piston advance and in a Second position releases 
the piston advance in order to bring about the expelling of 
the agent. Appropriately, the displacement of the catch 
requires comparatively little energy, So that the expelling of 
the agent can be effected in an energy-saving manner. 
Appropriately, the displacement movement is designed as a 
Simple back-and-forth movement, for example as the tipping 
movement or Swinging movement of a lever. 
0017. In some embodiments, the displacement of the 
catch compliments or is coordinated with a displacement of 
another catch Such that at all times one catch prevents an 
uncontrolled advance of the piston beyond the preset Stroke 
length. 
0018. According to one preferred embodiment, the block 
ing mechanism is designed in a manner comparable to an 
escapement of a mechanical clock movement, which 
includes a blocking means, for example a ratchet wheel 
provided with teeth or a piston rod provided with teeth, and 
a catch that works together with the blocking means in order 
to block and unblock in a controlled manner a displacement 
of the blocking means. AS used herein "teeth” (or toothing) 
is intended to mean any Suitable type of generally regular 
projections, textures or structures that engage with a Suitable 
corresponding or complementary projections, textures or 
Structures to transmit force. 

0019 Appropriately, the catch is formed as a Swingable 
anchor escape lever with two pawls that engage the teeth of 
the corresponding blocking means. In this way, through a 
Simple and energy-saving back-and-forth movement of the 
anchor escape lever, the blocking means is moved along in 
each case by one tooth of the teeth. According to the present 
invention, the movement of the blocking means is converted 
into an advance of the piston, the propulsive force being 
applied by the propulsion mechanism and not by the block 
ing means. Preferably, the piston is fixedly connected to the 
blocking means, So that the piston, due to the permanent 
application of force, permanently exerts a tractive force on 
the blocking means, which force is released through a 
disengagement of a pawl from the teeth, So that the blocking 
means is displaced until the teeth becomes engaged with the 
other pawl, which automatically stops the advance of the 
piston. Thus, the dose to be expelled is predetermined 
through the teeth, namely through a whole-number multiple 
of the tooth spacing, in particular one times the tooth spacing 
of the teeth. Through a moving back of the catch or of the 
anchor escape lever, as the case may be, the blocking 
mechanism is moved back into its initial position, in which 
the piston advance is permanently blocked. 
0020 Appropriately, the anchor escape lever of the catch 
is formed Such that during engagement of one catch with the 
teeth of the blocking means, the other catch is positioned 
centrally between two teeth of the teeth. If the anchor escape 
lever is now Swung, then the above-described course of 
movement is triggered. 
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0021. The teeth that work together with the catch can be 
provided at an appropriate location in the mechanism, as 
known from the prior art. According to one embodiment, the 
teeth are provided on the outer circumference of a ratchet 
wheel. In this case, a rotary motion of the ratchet wheel is 
transferred to the propulsion of the piston. Appropriately, in 
this embodiment, a holding means, for example a cable or 
band, is wound around a rotational axis or an Outer circum 
ference of the ratchet wheel and this holding means is 
unwound upon the advance of the piston. 

0022. According to another embodiment, the teeth are 
applied to a toothed rack, the displacement of which is 
transferred directly or indirectly to the piston advance. 
Advantageously, in this embodiment, a holding means is not 
included, So that a potential Source of failure of the device 
is eliminated. 

0023. According to another embodiment, the blocking 
mechanism is designed as a Spindle blocking, comparable to 
a Spindle escapement known from clock construction. In this 
embodiment, the catch includes a rotationally-movable shaft 
that carries two blocking projections that work together with 
teeth on the top Side on opposite Sides of the rotary axis of 
the ratchet wheel, wherein a rotation of the shaft releases the 
engagement of a blocking projection with the teeth and thus 
triggers a further turning of the ratchet wheel, until another 
tooth of the teeth of the ratchet wheel reaches a stopping 
position with the opposing blocking projection, which auto 
matically ends the piston advance. The blocking teeth can 
here be provided on a top Side of a separate ratchet wheel, 
in which case a holding means, for example aband or cable, 
is appropriately wound around the rotary axis or an outer 
circumference of the ratchet wheel, which holding means 
restrains the piston. For the piston advance, the holding 
means is unwound in a controlled manner. Alternatively, the 
blocking teeth can also be applied to a top Side of a Separate 
ratchet wheel, the rotational movement of which is trans 
ferred by means of a gearing mechanism to a piston rod or 
threaded bar or another advancing means. Finally, the block 
ing teeth can also be arranged directly on a front Side of the 
piston rod or threaded bar, which serves directly or indirectly 
the advancing of the piston. 
0024 Appropriately, the blocking projections of the 
Spindle blocking are arranged in a Staggered manner on the 
rotationally-movable shaft, so that at all times one of the 
blocking projections blocks an uncontrolled rotation of the 
ratchet wheel, wherein in first angular position of the shaft 
a first blocking projection engages the teeth of the blocking 
means and the Second blocking projection is positioned 
centrally between two teeth, and in a Second angular position 
of the Shaft the Second, opposite blocking projection 
engages the teeth of the blocking means and the first 
blocking projection is positioned between two teeth. Thus, 
through a simple back-and-forth Swinging of the rotation 
ally-movable shaft, the ratchet wheel can be rotated forward 
by one tooth, the propulsion force being provided through 
the propulsion mechanism and not through the blocking 
mechanism. 

0.025 In some preferred embodiments, for the triggering 
of the expelling or delivery of the agent, the catch is 
displaced against a restoring force of a restoring means that 
attempts to put the catch back into a resting or initial 
position. Thus, the blocking mechanism automatically 
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returns into a resting or initial position and the only energy 
required in order to trigger the expelling of the agent is that 
needed to displace the catch against the restoring force. The 
releasing of the blocking mechanism can be initiated 
mechanically, for example by the pressing of a button, if the 
device is manually operable, or through an actuation means 
that is triggered by an electronic control of the device. 
0026. In some preferred embodiments, the propulsion 
mechanism can be pre-stressed over the entire Stroke of the 
piston, So that the piston can be advanced until the agent has 
been completely expelled from the receptacle without 
requiring the propulsion mechanism to be pre-stressed 
again. It is advantageous that the pre-stressing work required 
for this can be performed manually or by an external energy 
Source before the placing into operation of the device, So that 
the energy Source of the device can be completely spared. 
0027 According to another embodiment, however, the 
propulsion mechanism can be pre-stressed over a portion of 
the maximal piston Stroke, So that the propulsion mechanism 
must be pre-stressed again one or Several times up to the 
complete expelling of the agent. Appropriately provided for 
this purpose is an indicator device that indicates to the user 
that the propulsion force provided by the propulsion mecha 
nism has fallen under a pre-Settable or preset threshold 
value. This indicator device can operate mechanically, for 
example through a mechanical activation of a color field as 
the indication, or can be triggered electronically, for 
example in the form of a warning on an LCD display or the 
like, if necessary aided by an acoustic warning Signal, as an 
indication that the device must be pre-stressed again. 
0028. In principle, the mechanical work required for the 
pre-Stressing of the propulsion mechanism can also be 
performed manually by the user of the device, or through 
connection to an external energy Source. If, however, the 
propulsion mechanism is not prestressed even after Several 
warnings to the user, then the necessary energy is appropri 
ately provided by the energy Source of the device, So that it 
is ensured that the device is ready for operation at all times. 
0029. According to another embodiment, the blocking 
mechanism can also be designed as a band block, wherein 
the band block clamps a band that restrains the piston against 
the permanently active propulsion force of the propulsion 
mechanism and wherein upon the release of the band block 
the Slipping through of the band is converted into the piston 
advance. Appropriately, the band block is formed Such that 
this permanently clamps the band, for which purpose Suit 
able measures from the prior art are known to the Specialist 
in this field. 

0030. In principle, the band-blocking mechanism can be 
combined with the above-mentioned anchor escape lever or 
blocking Spindle. In this embodiment, the displacement of 
the band block and of the anchor escape lever or blocking 
Spindle are appropriately coordinated Such that first the 
anchor escape lever or, as the case may be, the rotationally 
movable shaft with the blocking projections is Swung from 
one end position to the other end position. In this, a turning 
of the ratchet wheel is still blocked by the band block. 
Through the release of the band block, the ratchet wheel can 
then be rotated until one tooth of its teeth meets the pawl or 
the blocking projection. After this, the band block again 
permanently blockS. For a renewed expelling of the agent, 
the anchor escape lever or, as the case may be, the Shaft with 
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the blocking projections is Swung back into the other end 
position. Thus, the catch need be displaced only once for an 
expelling of the agent. 
0031. Other objects, features and advantages of the 
present invention may be understood with reference to the 
accompanying drawings and description, and the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.032 FIG. 1 depicts an expelling device according to an 
embodiment of the present invention with an anchor escape 
lever blocking, 
0033 FIG.2 depicts a variant of the embodiment of FIG. 
1 with a blocking Spindle, 
0034 FIG. 3 depicts another embodiment of the expel 
ling device according to the present invention, wherein a 
ratchet wheel is attached to an end Side of a toothed rack or 
threaded bar, which ratchet wheel works together with a 
blocking Spindle, 

0.035 FIG. 4 depicts a variant of the embodiment accord 
ing to FIG. 4, wherein an anchor escape lever is provided, 
which works together with the teeth of a toothed rack, 
0.036 FIG. 5 schematically depicts an expelling device 
according to another embodiment of the present invention, 
wherein the piston advance is produced through expansion 
of a gas reservoir that is preSSurized, and 
0037 FIG. 6 depicts another embodiment of the expel 
ling device according to the present invention. 

DETAILED DESCRIPTION 

0.038. In the Figures, identical reference numerals indi 
cate identical or functionally similar components or com 
ponent groupS. 

0039 FIG. 1 schematically shows a first embodiment of 
an expelling device according to the present invention. This 
is preferably part of an infusion or injection device, for 
example an infusion pump for long-term medicating of 
patients or animals, for example for blood-Sugar adjustment. 
AS is shown in FIG. 1, the device includes a reservoir 1, in 
which a liquid containing the agent is Stored. The receptacle 
1 displays at its front end an opening through which the 
agent is expelled, for example to a hollow cannula. Situated 
opposite the expelling opening is the axially displaceable 
piston 2, the axial adjustment of which in the direction of the 
expelling opening causes the expelling of the agent. The 
piston 2 is permanently pre-stressed by means of the com 
pression Spring 8 against a fixed reference point 5, which is 
Stationary in relation to the blocking mechanism in the right 
Side of the image and/or in relation to the receptacle 1. 
Attached to the back Side of the piston 2 is a holding means 
4, for example a cable or band, which restrains the piston 
against the restoring force of the Spring 3. The holding 
means 4 is deflected at the deflection points 6 and 7, for 
example at deflection rollers or deflection pins. The other 
end of the holding means is connected to the blocking 
mechanism represented in the right-hand portion of the 
image. 

0040 For this purpose, as shown in FIG. 1, the other end 
of the holding means 4 is wound onto the ratchet wheel 9, 
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whether this is directly in a circumferential channel of the 
ratchet wheel 9 or onto a pin arranged on the rotary axis 8 
of the ratchet wheel 9. According to FIG. 1, the ratchet 
wheel 9 displays on its outer circumference a preferably 
circular ratchet teeth 10 extending in the rotational direction, 
the teeth of which teeth work together with the pawls 13, 14 
of the anchor escape lever 11. The blocking mechanism 
according to FIG. 1 is overall comparable to an anchor 
escapement as known from typical clock construction. Thus, 
the anchor escape lever 11 can be Swung back and forth 
around the axis 12 between a first end position, in which the 
pawl 14 rests against a tooth of the teeth 10, and a Second 
end position, in which the pawl 13 rests against a tooth of the 
teeth 10. The anchor escape lever 11 can be restored to one 
of the end positions by a restoring means (not shown). It is 
thus ensured that the ratchet wheel 9 cannot rotate forward 
in an uncontrolled manner. 

0041 AS is schematically represented in FIG. 1, the 
anchor escape lever 11 is designed in Such a way that when 
the pawl 14 is engaged with the ratchet teeth 10, the other 
pawl 13 is positioned centrally between two teeth of the 
teeth. Upon further rotation of the ratchet wheel 9, the pawl 
13 is consequently carried along by a teeth Surface and thus 
the anchor escape lever is tipped back into the other end 
position. 

0042. In order to place the device into operation, the 
compression Spring 3 is prestressed, for example through 
introduction of a new receptacle with the piston 2 maximally 
pushed back. In this, the ratchet wheel 9 is turned back until 
the holding means 4 is tensioned. In order to turn back the 
ratchet wheel 9, a restoring means (not shown), for example 
a torsion Spring or an electric restoring mechanism, can be 
provided. For the expelling of the agent, the anchor escape 
lever 111 is Swung from a first end position to the Second end 
position. Thereby, due to the pre-stressing through the 
compression Spring 3, the piston 2 is propelled and an 
expelling of the agent effected. Simultaneously, the holding 
means 4 deflected around the deflection grooves 6 and 7 
turns the ratchet wheel 9 ahead until one of the pawls 13, 14 
of the anchor escape lever comes to rest against a tooth of 
the ratchet teeth 10. A forward turning of the ratchet wheel 
9 is then excluded. The ratchet wheel can be turned forward 
only after a Swinging back of the anchor escape lever 11 into 
the other end position. Thus, the expelled dose of the agent 
is preset in a one-to-one manner through the ratchet teeth 10 
of the ratchet wheel 9. The angular displacement of the 
ratchet wheel 9 by one tooth is converted one-to-one into a 
predefined Stroke of the piston 2. 

0043 FIG. 2 shows a variant of the embodiment of FIG. 
1 in which the blocking mechanism has a design comparable 
to a blocking Spindle known from clock construction. In this 
variant, teeth 15 are provided on a top side of the ratchet 
wheel 9, which work together with the two blocking pro 
jections 16, 17 of a shaft 18. The shaft 18 is supported such 
that it is rotatable, around a rotary axis, in a radial manner 
with respect to the rotary axis 8 of the ratchet wheel 9. The 
shaft 18 is rotatably supported such that it can be rotated 
back and forth only between a first end position, wherein the 
blocking projection 17 lies against one of the teeth of the 
ratchet teeth 15, and a Second end position, wherein the other 
blocking projection 16 lies against one of the teeth of the 
ratchet teeth 15, so that one of the two blocking projections 
16 and 17 accordingly Swings into engagement and the other 
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out of engagement. Thus, it is ensured that the ratchet wheel 
9 cannot turn forward in an uncontrolled manner. Rather, the 
ratchet wheel can always be turned forward by only one 
tooth, which is brought about by the rotation of the shaft 18 
from one end position into the other. In this embodiment too, 
the other end of the holding means 4 is wound either into a 
circumferential channel of the ratchet wheel 9 or around a 
pin placed onto the rotary axis 8 of the ratchet wheel 9 and 
is unwound upon the advancing of the piston 2. 
0044) In principle, however, the blocking mechanism can 
also be integrated into the device Such that a holding means 
is Superfluous. FIG. 3 shows a second embodiment of the 
expelling device according the invention that does not 
comprise a holding means. According to FIG. 3, the ratchet 
wheel 9 is attached directly to one end of a threaded bar 21 
Serving the piston propulsion. Prior to the placing into 
operation of the device, the ratchet wheel 9 is turned back 
against the restoring force of a torsion Spring 23 or another 
Suitable restoring means. The blocking Spindle represented 
schematically in FIG. 3 then triggers a turning of the ratchet 
wheel 9, in the manner described above, by one tooth in each 
case. The outer thread of the threaded bar 21 engages an 
inner thread, provided on a housing of an infusion pump or 
on the ampoule 1, of a Section 22, So that the rotation of the 
threaded bar 21 is converted into a piston advance. If the 
Section 22 is fixedly connected to the housing, then the 
threaded bar can be connected to the ratchet wheel 9 in a 
rotationally-Secured and axially-movable manner and itself 
form a piston rod. Alternatively, the threaded bar 21 can be 
fixedly connect to the ratchet wheel. In this case, the Section 
22 is guided by the housing in an axially-linear manner and 
can form the piston rod. 
0045. It should be understood that the ratchet wheel 9 
according to FIG.3, instead of being provided with a ratchet 
teeth 15 on the top side, can as well be provided with ratchet 
teeth on the outer circumference of the ratchet wheel 9, 
comparable to FIG.1. As is evident to one skilled in the art, 
the ratchet wheel 9 can also be connected to the threaded bar 
21 Serving the piston propulsion via a gearing mechanism, 
so that the turning movement of the ratchet wheel 9 is 
transferred to the threaded bar 21 via the gearing mecha 
S. 

0.046 FIG. 4 shows a further embodiment of the expel 
ling device according to the present invention that does 
without a holding means. In this device, Serving the piston 
propulsion is a rod 24 that is designed as a toothed rack with 
ratchet teeth 25. The ratchet teeth 25 work together with the 
rotatably-Supported anchor escape lever 11, which functions 
in a manner Similar to the anchor escape blocking repre 
sented in FIG. 1. Thus, in a first end position of the anchor 
escape lever 11, the pawl 14 lies against a tooth of the ratchet 
teeth 25. Through a Swinging of the anchor escape lever 11 
into the other end position, the pawl 14 becomes disengaged 
from the ratchet teeth 25 and the other pawl 13 becomes 
engaged with another tooth of the ratchet teeth 25. Due to the 
permanently-active propulsion force generated by the pro 
pulsion mechanism (not shown), the toothed rack 24 is 
advanced, in order to effect the expelling of the agent from 
the receptacle 1. In this, the pawl 13 glides along the profile 
of a ratchet tooth and is lifted, So that the anchor escape lever 
11 is Swung back into the initial position, in which the pawl 
14 blocks the further propulsion of the piston. Here, the 
anchor escape lever 11, during the Swinging from the first 
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end position shown in FIG. 4 into the other end position (not 
shown), is Swung against the restoring force of a restoring 
means (not shown), So that the Swinging back of the anchor 
escape lever 11 into the blocking position represented in 
FIG. 4 is ensured. 

0047 FIG. 5 shows another embodiment of the expelling 
device according to the present invention. According to 
FIG. 5, the force for the propulsion of the piston is applied 
by a gas Stored in a pressurized chamber 26. Prior to the 
placing into operation of the device, the preSSurized chamber 
26, in the rearward end position of the piston 2, is filled with 
a pressurized gas under high pressure. The pressurized 
chamber 26 has a flexible wall, So that the gas expands and 
the pressurized chamber 26 can expand when the blocking 
mechanism enables the piston advance. As is shown in FIG. 
5, the preSSurized chamber 26 is Supported on a housing 
Section 5 and on the rearward base of the piston 2 and is 
laterally guided by a sleeve 27, So that the gas can expand 
the pressurized chamber 26 only in one direction, namely in 
the piston-propulsion direction, i.e. in the axial direction of 
the receptacle 1. In principle, the blocking mechanism can 
be designed according to any of the embodiments described 
here. In order that the pressurized chamber 26 can expand, 
at least its side walls must be flexibly formed. The pressur 
ized chamber can, for example, be ring-shaped, So that the 
holding means 4 can be guided through the pressurized 
chamber up to the piston 2. 
0048 FIG. 6 shows a further embodiment of the expel 
ling device according to the invention. Instead of the above 
described anchor escape blocking (cf. FIGS. 1, 4) or block 
ing spindle (cf. FIGS. 2, 3), the blocking mechanism 
includes a first catch 28 and a second catch (not shown) 
substantially identical to the first catch 28. The ratchet wheel 
9 displays on its outer periphery teeth 10, which work 
together with the first catch 28. Further provided is a second 
set of ratchet teeth (not shown), which work together with 
the Second catch. The Second ratchet teeth can be provided 
on the same or on another ratchet wheel. The two catches 
can be Swung, as indicated by the double arrow, it being 
ensured, however, that when one catch Swings away from 
the corresponding ratchet teeth, the other catch automati 
cally engages the other corresponding teeth. Thus, it is 
always ensured that the ratchet wheel cannot spin uncon 
trolled. Through a coordinated displacement of the catches, 
the ratchet wheel is thus turned forward by a half tooth. 
Upon the coordinated Swinging back of the two catches, the 
ratchet wheel is again turned forward by a half tooth and the 
two catches revert to their initial positions. Upon the turning 
of the ratchet wheel 9, the other end of the holding means 4 
is unwound. Due to the permanently active propulsion force 
of the compression Spring 3, the piston 2 is advanced in 
order to expel the agent. 
0049 According to a further variant of this embodiment, 
the catch according to FIG.6 may have a forked shape, with 
two blocking projections that, according to the angular 
position of the fork, engage the ratchet teeth 10 either on the 
left or on the right peripheral edge of the ratchet wheel 9. 
Here, the Spacing between the two blocking projections is 
dimensioned Such that during the Swinging of the fork 
shaped catch, one of the two blocking projections engages 
the ratchet teeth at all times. 

0050. To operate the expelling device, first the propulsion 
mechanism is pre-stressed, for example through a pushing 
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back of the compression Spring or rotating back of a torsion 
Spring. At the same time, the blocking mechanism is brought 
into a starting position, in which a pawl or a blocking 
projection engages the ratchet teeth 10 or 15, as the case may 
be. Through displacement of the blocking mechanism, for 
example through a Swinging of the anchor escape lever 
shown in FIG. 1 or 4 or the blocking spindle shown in FIG. 
2 or 3, a turning forward of the ratchet wheel 9 is triggered, 
until a tooth of the ratchet teeth 10, 15 again becomes 
engaged with a pawl or a blocking projection. In this, the 
movement of the ratchet wheel or of the piston rod shown in 
FIG. 4 is converted into the piston propulsion. The propul 
Sive force necessary for this originates from the propulsion 
mechanism and not from the blocking mechanism. For a 
renewed or repeated expelling of the agent, the blocking 
mechanism is actuated again. 
0051. In principle, the actuation of the blocking mecha 
nism can occur manually, for example through the pressing 
of a button on a mechanically-actuated injection apparatus, 
for example an injection pen for diabetes patients. In Some 
preferred embodiments, however, the expelling device 
according to the present invention is electronically con 
trolled, for which purpose a Suitable electronic control (e.g., 
a Suitable microprocessor, Switch, or other Suitable elec 
tronic components or component), depicted in FIG. 1 at 30 
is provided, which control with the aid of an actuation means 
(not shown) releases the blocking mechanism in a controlled 
manner. The control or controller 30 may also sense and 
control other functions, aspects and/or operations. In some 
embodiments, through a simple counting of the occurrences 
of the releasing of the blocking mechanism, the adminis 
tered dose can be calculated at any time. Since the piston 
advance, as described above, is predetermined on a one-to 
one basis through the ratchet teeth, with knowledge of the 
conversion ratio a piston Stroke and thus an expelled agent 
dose can be associated one-to-one with the displacement of 
the blocking means by one ratchet wheel of the ratchet teeth. 
Thus, through a simple multiplication of the number of 
occurrences by this agent dose, the total agent dose can be 
calculated at any time. 
0.052 While it was stated above that the blocking mecha 
nism includes a blocking teeth and a catch that works 
together with this teeth, in principle any Suitable blocking 
mechanism known from the prior art can be used for the 
expelling device according to the present invention. For 
example, the holding means can be a band that is perma 
nently blocked by a band block known from the prior art and 
that, upon release of the band block, Slips through until the 
band block again clamps the band. It goes without Saying 
that Such a band block can be combined with each of the 
above-described blocking mechanism. In Such a variant, the 
dose to be expelled would, as described above, be deter 
mined on a one-to-one basis through a ratchet teeth and a 
catch working together with this teeth. The catch could, 
however, be moved back and forth between the two end 
positions without greater forces of resistance. The actual 
forward turning of the blocking means would then be 
triggered through the release of the band block. When the 
catch becomes engaged again with the ratchet teeth, the 
further advance of the piston is ended. Subsequently, the 
band block again clamps the band. 
0053. It should be appreciated that the catch, e.g., the 
anchor escape lever or the rotatable Spindle, can be locked 
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into each of its end positions in order to prevent an uncon 
trolled displacement of the catch. 
0054 As described above, the expelling device according 
to the invention can be installed in both manually-actuated 
and electronically-actuated infusion or injection appara 
tuses. These can be used for injection of a medical agent, but 
also of a diagnostic agent, in human, animal, or plant tissue. 
Due to the low energy demand of the expelling device 
according to the invention, the latter is especially Suitable for 
application in infusion pumps for the repeated release of 
comparatively Small doses of a therapeutic agent over a 
comparatively long period of time. 
0055 An especially preferred use relates to the long-term 
release of insulin for adjustment of the blood-Sugar level of 
diabetes patients. For this purpose, the infusion pump can be 
controlled by a controller that is connected to a System of 
Sensors for determining the blood-Sugar level. The mini 
mally administrable agent dose is here Substantially prede 
termined through the ratchet teeth of the blocking means and 
through the conversion ratio of the expelling device Selected 
in each case and can be Selected So as to be appropriately 
low. Through a simple counting of how often the blocking 
mechanism is released, the control electronics at all times 
know how large the expelled dose is. This simplifies the 
control expense considerably, Since Simple timing-control 
circuits can be used. Due to the low energy consumption of 
the expelling device, the infusion pump can be operated over 
an advantageously long period of time. In particular for 
diabetes treatment, Such an infusion pump could expel the 
insulin through a 31-gauge needle. 
0056. In the foregoing, embodiments of the present 
invention, including preferred embodiments, have been pre 
Sented for the purpose of illustration and description. They 
are not intended to be exhaustive or to limit the invention to 
the precise forms and Steps disclosed. Obvious modifica 
tions or variations are possible in light of the above teach 
ings. The embodiments were chosen and described to pro 
vide the best illustration of the principals of the invention 
and its practical application, and to enable one of ordinary 
skill in the art to utilize the invention in various embodi 
ments and with various modifications as are Suited to the 
particular use contemplated. All Such modifications and 
variations are within the Scope of the invention as deter 
mined by the appended claims when interpreted in accor 
dance with the breadth they are fairly, legally, and equitably 
entitled. 

1. A controller for controlling the delivery of a liquid 
agent in doses, comprising: 

a propulsion mechanism for moving a piston to deliver a 
dose of the agent, wherein the propulsion mechanism 
exerts a motive force on the piston Substantially con 
Stantly unless interrupted; and 

a mechanism for Selectively interrupting the motive force. 
2. The controller according to claim 1, wherein the 

controller is operably incorporated into an infusion pump. 
3. The controller according to claim 2, further comprising 

an electronic component operably coupled to the mechanism 
for Selectively interrupting the motive force. 

4. A control device for the dosed expelling of a liquid 
agent, including from an infusion pump, comprising: 
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a receptacle for Storing the liquid agent; 
a propulsion mechanism for advancing a piston toward an 

outlet of the receptacle in order to expel the agent, 
wherein the propulsion mechanism continuously acts 
on the piston with a propulsive force, and 

a blocking mechanism whereby a piston advance is 
blocked and, in order to expel the agent, released. 

5. The control device according to claim 4, wherein the 
blocking mechanism is designed Such that upon the release 
of the propulsive force the piston is advanced by a preset 
Stroke in order to expel a preset dose of the agent. 

6. The control device according to claim 4, wherein the 
propulsion mechanism prestresses the piston in relation to a 
reference point that is Stationary in relation to the blocking 
mechanism. 

7. The control device according to claim 6, wherein the 
propulsion mechanism includes a compression Spring, one 
end of which acts on the piston and the other end of which 
is held fixed. 

8. The control device according to claim 4, wherein the 
propulsion mechanism includes a pressurized chamber in 
which a gas is Stored under pressure and which has a flexible 
chamber wall, So that the gas can expand in order to propel 
the piston when the blocking mechanism has been released. 

9. The control device according to claim 4, wherein the 
blocking mechanism includes a blocking means and a catch 
that works together with the blocking means, which catch in 
a first position blocks the piston propulsion and in a Second 
position releases the piston propulsion in order to effect the 
expelling of the agent. 

10. The control device according to claim 9, wherein the 
blocking means includes teeth and the catch includes an 
anchor escape lever with two pawls, which lever can be 
Swung around an axis in order to block and release the 
blocking means. 

11. The control device according to claim 10, wherein the 
anchor escape lever is designed Such that when the first pawl 
is engaged with the teeth of the blocking means, the other 
pawl is positioned centrally between two teeth. 

12. The control device according to claim 9, wherein the 
propulsion mechanism comprises a toothed rack having 
outer teeth, and the catch cooperates with the Outer teeth. 

13. The control device according to claim 9, wherein the 
blocking means comprises teeth, and the catch works 
together with the teeth of the blocking means. 

14. The control device according to claim 9, wherein the 
catch is designed as a blocking Spindle with a rotatable shaft 
that carries two blocking projections that cooperate with the 
blocking means. 

15. The control device according to claim 14, wherein the 
blocking means comprises teeth and the blocking projec 
tions are applied to the rotatable shaft in a Staggered manner, 
So that in a first angular position of the Shaft a first blocking 
projection engages the teeth of the blocking means and the 
Second blocking projection is positioned centrally between 
two of the teeth, and So that in a Second angular position of 
the shaft the Second blocking projection engages the teeth of 
the blocking means and the first blocking projection is 
positioned between two teeth. 
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16. The control device according to claim 9, wherein the 
blocking means comprises a ratchet wheel is attached to one 
end of a toothed or threaded rod, the other end of the toothed 
or threaded rod transferring the propulsive force to the 
piston. 

17. The control device according to claim 9, wherein the 
blocking means includes two Sets of teeth that are offset with 
respect to each other, which Sets work together with a 
blocking projection of the catch, So that in a first position of 
the catch one blocking projection works together with one 
Set of teeth and in a Second position of the catch the other 
blocking projection works together with the other Set of 
teeth, the other blocking projection in each case releasing the 
corresponding teeth. 

18. The control device according to claim 9, wherein, in 
order to trigger the expelling of the agent, the catch is 
displaced against a restoring force that restores the catch to 
an initial position. 

19. The control device according to claim 4, wherein the 
blocking mechanism is electronically controlled. 

20. The control device according to claim 4, wherein the 
blocking mechanism includes a mechanical actuation means 
for releasing the blocking of the piston. 

21. The control device according to claim 4, wherein the 
propulsion mechanism is pre-stressed over the entire Stroke 
of the piston. 

22. The control device according to claim 4, wherein the 
propulsion mechanism is pre-stressed over a displacement 
distance that is shorter than the entire Stroke of the piston, 
the control device further comprising a detector being pro 
vided for determining whether the propulsive force has 
fallen below a threshold value, and a mechanism for increas 
ing the propulsive force of the propulsion mechanism. 

23. The control device according to claim 4, wherein a 
holding means restrains the piston against the continuous 
propulsive force of the propulsion mechanism. 

24. The control device according to claim 4, wherein a 
band restrains the piston against the continuous propulsive 
force of the propulsion mechanism, the blocking mechanism 
comprising a band block whereby the band is permanently 
blocked and temporarily released in order to expel the agent. 

25. An infusion pump for the long-term release of an 
agent, comprising: 

a receptacle for Storing the liquid agent; 
a propulsion mechanism for advancing a piston toward an 

outlet of the receptacle in order to expel the agent, 
wherein the propulsion mechanism continuously acts 
on the piston with a propulsive force; 

a blocking mechanism for blocking and allowing the 
advance of the piston; and 

a control apparatus that repeatedly releases the blocking 
mechanism in order to expel the agent in repeated, 
Selected doses. 

26. The infusion pump according to claim 25, wherein the 
control apparatus is electronic. 

27. The infusion pump according to claim 26, wherein the 
control apparatus is digital. 
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